We consider a simple model of an electron moving in a T-shaped confinement potential. This model allows for an analytical solution that explicitly demonstrates the existence of laterally bound electron states in quantum wires obtained by the cleaved edge overgrowth technique.
In recent years, semiconductor nanostructures have attracted much attention due to both a great variety of their possible applications in electronic devices and a new interesting physics emerged to describe their peculiar characteristics [1] . Among other research directions, there are intensive studies of the so called quantum wires [2] , in which electrons are confined in two spatial dimensions within a nanometersize region, while being allowed to move freely in the third direction (an axis of the wire).
High-quality quantum wires can be fabricated by the molecular-beam epitaxy using the cleaved edge overgrowth (CEO) technique [3] , as proposed by Esaki et al. [4] . Such structures are formed at the T-shaped intersection of two semiconductor quantum wells, see fig. 1 . The electronic band structure of realistic T-shaped AlGaAs/GaAs quantum wires has been studied numerically using different methods [5] .
Note, however, that the form of the T-shaped confinement potential, fig. 1 , does not allow for analytical solutions of the one-electron continuum Schrödinger equation even in the limiting case of infinite energy barriers and isotropic electron effective mass. Meanwhile, the existence of electron states localized in the region of intersection of two quantum wells within the plane perpendicular to the axis of CEO quantum wire is not obvious a priori. In this paper, we propose a simple model of the two-dimensional T-shaped structure and obtain an analytical solution for both the lowest energy eigenvalue and corresponding localized eigenfunction of the one-electron Schrödinger equation.
Let us consider two intersecting atomic chains, one of which (along x-axis) is infinite, while another (along y-axis) is semi-infinite, see fig. 2 . Such a system provides a model for the description of electron motion in the xy-plane perpendicular to the axis of a CEO quantum wire ( fig. 1 ) since an electron is confined to the chains and can not escape into the interjacent region. This model corresponds to the limiting case of a CEO quantum wire formed by two quantum wells with one-atomic-layer width and an infinite value of the energy barrier V = E In a tight-binding approach, one-electron states of the system under consideration are described by the following Hamiltonian:
where ǫ 0 is an on-site potential, t is a matrix element for electron hopping between nearest sites i and j,â
is the operator of electron creation (annihilation) at the site i, and < i, j > means the summation over nearest neighbors only. We do not specify the spin index explicitly since we consider the states of a single electron.
Expanding the one-electron wave function Ψ into atomic electron states |i >,
we have from the Schrödinger equationĤΨ = EΨ a set of algebraic equations for coefficients A i whose squared absolute values |A i | 2 give the probabilities to find an electron at a particular site i:Ẽ
and j = nn(i) means the summation over sites j nearest to the site i. 
General solutions of eqs. (5) are:
Since, due to normalization condition i |A i | 2 = 1, the coefficients A n and A m should be finite at n → ±∞ and m → ∞ respectively, one has Re(α) ≥ 0, Re(β) ≥ 0, Re(γ) ≥ 0. Hence, we see from eq. (7) that α = β = γ, while from eqs. (6) we
Next, from eq. (3) for the coefficient A 0 we obtaiñ
Taking eqs. (6) into account, we havẽ
The lowest energy solution of eqs. (7) and (9) isẼ = 3/ √ 2 and exp(−α) = 1/ √ 2, and so from eq. (4) we have the minimum one-electron energy of the system under consideration:
while the corresponding normalized wave function is
One can see from eq. (11) that the wave function is localized exponentially in the vicinity of the intersection point n = 0, m = 0. The probability to find an electron at the site n = m = 0 equals to 1/4, while the probabilities to find an electron at the nearest sites n = −1, n = 1, m = 1 are 1/8 each. The localization length ξ defined by A n = exp(−a|n|/ξ), where a is the interatomic spacing, equals to
We note that the value of E min = ǫ 0 − 3t/ √ 2 is by ≈ 0.12t lower than the edge We have also studied the model under consideration by the exact numerical diagonalization of the Hamiltonian matrix. We made use of the complex conjugate method which allows one to find eigenvalues and eigenvectors of large sparse matrixes with any prescribed accuracy [7] . For our purposes, we have restricted ourselves to several low-lying levels. We have considered the systems composed of 3N + 1 sites (2N + 1 sites in the chain along x-axis and N + 1 sites in the chain along y-axis, one site being common for both chains), with N up to 10 3 . For the ground state, the Numbers n and m numerate atoms in the chains along x-and y-axis respectively. 
